MACHINE FRAMES.	461
to just lift the hammer is 40X50X24=48,000 in.-lbs. The difference between these two amounts of energy, =58,000 in.-lbs., will exist as kinetic energy of the moving hammer; and it must be absorbed before the hammer can be brought to rest in its upper position. The force which would result from stopping the hammer would be dependent upon the space through which the motion of the hammer is resisted. Springs are often provided to resist the motion of the hammer when near its upper position. These springs increase the space factor of the energy to be given out and thereby reduce the resulting force. An automatic device for closing the throttle-valve before the end of the stroke and introducing steam for compression above the piston may be used. The steam is then a fluid spring.
255. Design of Crane Frames.—A crane frame is to be designed from the following specifications: Maximum load, 5 tons = 10,000 Ibs.; radius = maximum distance from the line of lifting to the axis of the mast, = 18 feet; height of mast = 20 feet; radial travel of hook in its highest position^5 feet; axis of jib to be 15 feet above floor line. Fig. 266 shows the crane indicated by the center lines of its members.
The external forces acting on the crane may be considered first. A load of 10,000 Ibs. acts downward in the line ab. This is held in equilibrium by three reactions: one acting horizontally toward the left through the upper support, i.e., along the line be; another acting horizontally toward the right through the lower support, i.e., in the line ad; a third acting vertically upward at the lower support, i.e., in the line cd. The crane is a "four-force piece." One force, AB, is completely known, the other three are known only in line of action. Produce ab and be to their intersection at M. The line of action of the resultant of ab and be must pass through M. The resultant of cd and da must be equal and opposite to the resultant of ab and be, and must have the same line of action. But the line of action of the resultant of cd and

